ABSTRACT: Obesity is associated with an elevated risk of osteoarthritis (OA). We examined here whether high fat diet administered in young mice, compromised the attainment of articular cartilage thickness. Further, we sought to determine if low-intensity vibration (LIV) could protect the retention of articular cartilage in a mouse model of diet-induced obesity. Five-week-old, male, C57BL/6 mice were separated into three groups (n ¼ 10): Regular diet (RD), High fat diet (HF), and HF þ LIV (HFv; 90 Hz, 0.2g, 30 min/d, 5 d/w) administered for 6 weeks. Additionally, an extended HF diet study was run for 6 months (LIV at 15 m/d). Articular cartilage and subchondral bone morphology, and sulfated GAG content were quantified using contrast agent enhanced mCT and histology. Gene expression within femoral condyles was quantified using real-time polymerase chain reaction. Contrary to our hypothesis, HF cartilage thickness was not statistically different from RD. However, LIV increased cartilage thickness compared to HF, and the elevated thickness was maintained when diet and LIV were extended into adulthood. RT-PCR analysis showed a reduction of aggrecan expression with high fat diet, while application of LIV reduced the expression of degradative MMP-13. Further, long-term HF diet resulted in subchondral bone thickening, compared to RD, providing early evidence of OA pathology-LIV suppressed the thickening, such that levels were not significantly different from RD. These data suggest that dynamic loading, via LIV, protected the retention of cartilage thickness, potentially resulting in joint surfaces better suited to endure the risks of elevated loading that parallel obesity.
Obesity is a recognized risk factor for osteoarthritis, 1 a disease characterized by a thinning of articular cartilage and subchondral bone sclerosis. 2 Osteoarthritis is often paralleled by debilitating joint pain, decreased mobility, and ultimately, increased likelihood of total joint replacement. 3 To a large extent, obesity-related cartilage ablation is presumed to result from weightrelated abuse of the articular surfaces. 1 While at first glance this overuse theory is plausible, it is also counterintuitive, as the obese are typically less active, [4] [5] [6] and instead may challenge the cartilage surface with lower peak loads and fewer loading cycles than a healthy cohort with lower BMI. 6 In adult animal models, diet-induced obesity has been shown to promote many deleterious changes consistent with osteoarthritis, such as lower proteoglycan content within articular cartilage and subchondral bone sclerosis. [7] [8] [9] Fewer studies, however, have investigated the consequences of an increased adipose burden on the development of articular cartilage in young, growing animals-a model of interest considering the growing incidence of obesity in the adolescent population. 10 One study demonstrated that a high fat diet employed early on can induce the formation of cartilaginous osteophytes, and joint inflammation. 11 Aside from local biomechanical factors, obesity has been associated with an increased secretion of adipokines and hormones-the establishment of a chronic state of low-grade inflammation in the obese is suggested to contribute to osteoarthritis risk. 12 Increased expression of proinflammatory cytokines (i.e., TNF-a, IL-1, IL-6) have been reported in the synovial fluid of OA patients, 13, 14 and in vitro studies have shown that these agents can induce catabolic processes in chondrocytes, specifically the activity of matrix metalloproteinases (MMPs) that are involved with the degradation of the cartilage ECM. 15, 16 Further, proinflammatory cytokine levels have been associated with increased osteoarthritis severity in vivo; Griffin et al., for example, showed a significant association between serum IL-1a, leptin, and adiponectin and osteoarthritis severity, 9 and in a separate study, showed that KC, leptin and IL-1Ra were positively correlated with worse knee OA scores. 7 Osteoarthritis risk in obese individuals, therefore, likely includes contribution from both metabolic and biomechanical factors.
Mimicking some of the dietary consequences on cartilage morphology, extreme loading demands on the joint are known to have detrimental consequences on cartilage health. Strenuous treadmill running in mature animals has been shown to induce osteoarthritic changes in the joint, including reduced chondroitin sulfate and hyaluronic acid content. 17 Defined high peak loads applied cyclically in both young and older mice resulted in decreased articular cartilage thickness, with incidences of osteophyte formation. 18 In humans, extreme demands on joints, as might result from long distance running, 19 weight lifting, 20 and physically demanding occupational tasks 21 have been associated with a higher incidence and earlier onset of osteoarthritis.
Similar to the deterioration associated with excessive loading, the absence of loading to the joint can also be detrimental to cartilage tissue. Joint immobilization in canines, for example, resulted in altered articular cartilage mechanical properties and reduced proteoglycan content, consistent with mild cartilage degeneration. 22 In humans, extended bedrest has led to decreased cartilage thickness within the knee joint, an early harbinger of osteoarthritis. 23 In contrast, moderate exercise, in the form of cycling, rope skipping, and light jogging, has been shown to improve GAG content in knee cartilage of patients at high risk of developing knee OA, 24 providing evidence that some mechanical signals are better than none. Daily running in high fat diet fed mice mitigated the cartilage GAG loss and subchondral bone thickening, 7 achieved without any changes in body weight compared to the sedentary group, suggesting that dynamic mechanical signals may promote cartilage health while the absence of them are permissive to OA progression. The critical nature of dynamic mechanical signals is evident even at the cellular level, with time-varying compression increasing total synthesis of GAGs in chondrocytes in vitro, as compared to those cultured under static compression. 25 While these data suggest that excessive or insufficient mechanical stimulation may be deleterious to cartilage, there appears to be a "window" where some degree of loading is beneficial to the tissue. The challenge when translated to the human, however, is that compliance with a daily exercise regimen is typically very poor, particularly in the obese. 6 As a surrogate for exercise, low-intensity vibration (LIV) delivers a relatively high frequency (10-100 Hz), low magnitude (<1.0g, where 1 g is Earth's gravitational field), mechanical signal, resulting in a challenge to the musculoskeletal system that is several orders of magnitude below that which arises during strenuous activity, 26 but has been shown to be anabolic to bone 27 while simultaneously suppressing adiposity. 28 Using rodent models of diet-induced obesity, recent evidence has shown that LIV biases mesenchymal stem cell (MSC) lineage selection toward the formation of higher order connective tissues such as bone, and away from adipogenesis. 29 In the study reported here, we hypothesized that high fat feeding would lead to thinner articular cartilage, and that LIV would protect the retention of articular cartilage thickness otherwise challenged by the obese phenotype.
MATERIALS AND METHODS

Animals and Experimental Design
The short-and long-term studies were reviewed and approved by the Institutional Animal Care and Use Committee of Stony Brook University. To investigate the short-term impact of high fat diet and low-intensity vibration on knee joint changes in growing mice, 30 5-week-old male C57BL/6J mice (The Jackson Laboratory, Bar Harbor, ME) were weight-matched, and assigned to three groups (n ¼ 10/group): regular diet (RD), high fat diet (HF), and high fat diet þLIV (HFv), and single housed at the Stony Brook University Division of Laboratory Animal Resources facility. At baseline, mice were fed either a regular or high fat diet (45% kcal from fat; van Heek Series 58V8; TestDiet, Richmond, IN) ad libitum. Food consumption was monitored and animals were weighed once a week. At the 2 w time-point, the HFv group was subjected to LIV (0.2g, 90 Hz sine wave, 30 min/d, 5 d/w; where g is Earth's gravitational field, or 9.8 m/s 2 ). Each day, all mice in RD and HF groups were placed on an inactive LIV platform for the same duration as HFv. Each group continued their respective diets for the following 6 weeks. At 8 w, the end of the short-term protocol, all animals were euthanized with isoflurane and cervical dislocation, and thus data for the short-term protocol represent mice at 13 w of age.
To investigate the long-term effects of diet and lowintensity vibration on cartilage in the knee joint, 7-week-old male C57BL/6J mice were separated into RD (n ¼ 7), HF (n ¼ 7), and HFv (n ¼ 10) groups. At baseline, each group received their respective regular or fat diets, as described previously, and at this point, the LIV group received vibration treatment (0.2 g, 90 Hz sine wave, 15 min/d, 5 d/w), while the other two groups were handled in an identical fashion but placed on an inactive device. While 30 min of LIV was used for the short-term study, previous research in our lab has demonstrated that 15 min of LIV is sufficient to induce anabolic effects in the musculoskeletal system, 29 and was used for the long-term study. Each group continued their diet and treatment for 6 months, and at the end of the protocol, all animals were euthanized, as described previously, and thus data for the long-term protocol represent mice at 31 weeks of age.
Contrast Agent Enhanced Microcomputed Tomography Assessment of Articular Cartilage Thickness, and sGAG Cntent
At tissue harvest, right tibias from each animal were extracted, bisected at the midshaft, and the proximal end immersed in phosphate-buffered saline supplemented with proteinase inhibitor (PBS/PI), for the short-term study, and temporarily stored at 4˚C. For the long-term study, proximal tibias were initially placed in 10% NBF, and switched to 70% ethanol at 4˚C, until time of analysis. To enhance image intensity of the articular cartilage, a technique described by Kotwal et al., 30 known as the Equilibrium Partitioning of an Ionic Contrast agent (EPIC-mCT) was used, in which the proximal region of each tibia was incubated in a solution of 15% Ioxaglate (Hexabrix, Mallinckrodt, Inc., St Louis, MO) and 85% PBS/PI at 37˚C for 30 min. Hexabrix is a negatively charged hexaiodinated dimer, which has X-ray attenuation properties that are distinct from the underlying bone, allowing for segmentation of the articular cartilage. Due to the electrochemical interactions between both negatively charged Hexabrix and the sulfated glycosaminoglycans (sGAG) within the cartilage, the equilibrated concentration of Hexabrix is inversely related to the sGAG concentration within the cartilage. 31 Samples were patted dry to remove adherent fluid droplets, and scanned in air using high resolution micro computed tomography (ex vivo mCT 40; Scanco Medical, Bassersdorf, Switzerland), using 6-mm isotropic voxels at 45kVp, 177 mA, and 300 ms integration time for the young mice (short-term study), and 55 kVp, 177 mA, and 300 ms integration time for the older mice (long-term study).
The resulting 3D grayscale image of each sample was rotated to obtain sagittal sections of the tibial plateau, which were contoured every 5-10 slices, and contained the subchondral bone, cartilage, and surrounding air, while excluding the marrow space. The cartilage was segmented from the subchondral bone using global lower and upper thresholds.
Cartilage thickness was measured in rectangular regions we defined as the central medial and lateral compartments, containing the thickest cartilage in the joint, which were postulated to be high weight bearing regions within the mouse knee. The ROIs were centered at the midline of the medial and lateral tibial plateau, the width of the ROIs spanning a distance of 480 mm in the medial condyle, and 480 mm in the lateral condyle (Fig. 1A) . In the sagittal plane, the medial central region was defined using a dip in the tibial growth plate as a landmark-a line parallel to the cortical metaphysis was drawn from the growth plate dip to the plateau surface, the point of intersection defined the start of the central region. A secant line was drawn from the start of the central region, to the posterior edge of the tibial plateau, the midpoint of the secant line serving as the endpoint of the central region (Fig. 1B) . For the lateral tibia ROI, the central region was defined by drawing a secant line along the relative flat posterior side of the plateau, the midpoint of the secant separating the central from the posterior region (Fig. 1C) . Direct distance transformation algorithms, within the Scanco Medical mCT software, were used to calculate average cartilage thickness. 32 Within each cartilage ROI, relative sGAG content was measured as the average X-ray attenuation of the articular cartilage pixels.
mCT Quantification of Subchondral Bone Plate Thickness Using the EPIC-mCT scans discussed previously, manual contours were drawn to isolate the subchondral bone plate from the epiphyseal trabecular bone, within the same medial and lateral ROIs used for cartilage thickness analysis ( Fig. 1B and C) . Global thresholds were used to segment the subchondral bone from the articular cartilage. Direct distance transformations, within the Scanco Medical mCT software, were used to calculate subchondral bone plate thickness.
Histology
Histological staining was also used to assess proteoglycan content in the short-term mouse study. Intact left knee joints were decalcified in 14% EDTA, dehydrated and embedded in paraffin. Single sagittal 6-micron sections were collected at the approximate midpoint of the medial and lateral knee, stained with Toluidine blue, and counter stained with fast green. Proteoglycan content of the uncalcified cartilage was assessed in the central region of the medial and lateral tibial plateau, corresponding to the regions analyzed with the mCT. Using IMAGE J, the cartilage images were first converted to an 8-bit gray scale image in the blue channel. The average optical density within the blue channel was measured in the articular cartilage of the medial and lateral condyle of each sample. Optical density within the articular cartilage was normalized to the optical density of the growth plate within the same section, to serve as a staining control, and the ratio was assessed as a relative measure of proteoglycan content.
Gene Expression Within the Mouse Knee
Total RNA was obtained from the distal femur of the shortterm diet/LIV mice, which contained cartilage, subchondral bone, and epiphyseal marrow. To extract RNA, the distal femur was cleaned to eliminate muscle tissue, crushed using a homogenizer and steel beads in the Bullet Blender, in Qiazol reagent, to lyse cells. Chloroform separation was used to isolate RNA in an aqueous phase, and was then purified using a Qiagen RNeasy kit, including DNase digestion of contaminating DNA. Gene expression levels were evaluated using a real-time PCR system (StepOnePlus, Applied Biosystems, Foster City, CA). Using TaqMan gene expression assays (Applied Biosystems), genes involved with cartilage anabolism: Aggrecan (Acan) and Collagen II (Col2A), cartilage catabolism: Matrix Metalloproteinases 3 and 13 (MMP-3,13) and a disintegrin and metalloproteinase with thrombospondin motifs 5 (ADAMTS5), and joint inflammation: TNF-a, and IL-1a, were measured, with eukaryotic 18S used as a housekeeping gene, with all diet and LIV groups compared to RD. 
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Statistics
All data are shown as means AE SD. GraphPad Prism 6 (GraphPad Software, Inc., San Diego, CA) was used for all statistical analyses. To determine differences between groups, a one-way analysis of variance (ANOVA) with a Tukey post hoc analysis test was used. Differences were considered statistically significant if p 0.05. Grubb's test, with an alpha ¼ 0.05, was used to determine if a data point was considered an outlier.
RESULTS
High Fat Diet Changes in Body Weight
Following 8 w of high fat diet, the young HF and HFv groups exhibited a 14.1% and 13.1% increase in total body weight, respectively, as compared to that realized by the regular diet group over the same time period (Fig. 2A, p 0.01) . The total abdominal fat pad mass of the short-term HF and HFv groups were 168% and 159% greater, respectively, than the regular diet group (p 0.003). There were no significant differences in body weight or abdominal fat pad mass between the young HF and HFv groups.
Following 24 w of high fat diet, both the long-term HF and HFv groups were significantly heavier than the age-matched regular diet controls (þ27.3% and þ17.3%, respectively, p < 0.004), while again, there were no significant differences in body weight between the older HF and HFv groups (Fig. 2B) .
High Fat Diet Did Not Induce Changes in Articular Cartilage Thickness
There were no significant differences in medial cartilage thickness between short-term RD and HF mice (HF 12.5% lower than RD, p ¼ 0.54), despite the 14% difference in body mass. Further, there were no significant differences in cartilage thickness between the long-term HF and RD mice (HF 8.6% lower than RD, p ¼ 0.46) (Fig. 3A and B) .
Likewise, in the lateral tibia, there were no differences in articular cartilage thickness between the RD and HF groups, regardless of age (HF 4.6% higher than RD, p ¼ 0.92 for short-term; À8.0%, p ¼ 0.46 for long-term) (Fig. 3A and B) .
Articular Cartilage Matrix Adaptation With LIV
LIV stimulated an increase in cartilage thickness within the medial condyle, in both young and older HF mice, as compared to HF (þ62.0%, p < 0.001 in shortterm protocol; þ23.0%, p < 0.010 in long-term protocol) (Fig. 3A) . Cartilage thickness in young HFv exceeded that measured in age-matched RD mice (þ40.4%, p < 0.01); while in the older mice, HFv cartilage thickness was not significantly different from RD (þ7.6%, p ¼ 0.41) (Fig. 3B) .
Within the lateral tibial plateau, young HFv exhibited increased cartilage thickness compared to young HF, although not significantly different (þ27.5%, p ¼ 0.097). In older animals, no significant difference in lateral tibial cartilage thickness was exhibited (HFv þ0.40%, p ¼ 0.998).
Neither Diet Nor LIV Perturb sGAG Content in Cartilage
Young RD, HF, and HFv groups exhibited no significant differences in Hexabrix staining intensity ( Fig. 4A and B) nor Toluidine Blue staining intensity (Fig. 4C) in the medial or lateral tibial compartments, therefore no detectable difference in sGAG content between the three groups was observed. The older HF group exhibited a higher Hexabrix staining intensity, although not significantly compared to the older RD group, in the lateral compartment (þ10.8%, p ¼ 0.06), indicating a potential trend of decreased sGAG content, whereas older HFv Hexabrix staining intensity was not significantly different from older RD controls (8.0% lower, p ¼ 0.14) (Fig. 4B ).
Long-Term High Fat Diet Promoted Subchondral Bone
Thickening, but Was Mitigated With LIV Neither short-term HF nor HFv resulted in any significant changes in subchondral bone thickness as compared to young RD mice (Fig. 5A) . In contrast, 24 weeks of HF resulted in a significant thickening of subchondral bone within the medial tibial plateau as compared to RD controls (þ25.0%, p < 0.01). However, subchondral bone in HFv was 11.6% thinner than HF (p ¼ 0.10), such that the thickness was not significantly different from older RD (þ10.5%, p ¼ 0.27) (Fig. 5B ). In the lateral compartment, however, longterm high fat diet did not result in any changes in subchondral bone thickness (HF 9.8% thicker than RD, p ¼ 0.09); likewise, HFv was not statistically different from RD (HFv 6.2% thicker than RD, p ¼ 0.28).
Influence of Short-Term High Fat Diet and LIV on Anabolic, Catabolic, and Inflammatory Gene Expression in the Mouse Knee
HF and HFv groups both exhibited a significant decrease in aggrecan gene expression compared to RD (À44.6% for HF, p ¼ 0.02; À68.0% for HFv, p < 0.001). However, LIV also induced a significant reduction in MMP-13 expression compared to HF (À47.2%, p < 0.01) to levels trending lower than RD (À35.0%, p ¼ 0.06) (Fig. 6B) . No differences in Col2a, MMP-3, TNF-a or IL-1a gene expression were detected between RD, HF, and HFv groups.
DISCUSSION
Contrary to our hypothesis of high fat diet resulting in cartilage thinning, 8 weeks of high fat diet in young, growing mice did not reduce cartilage thickness within the knee joint, as compared to age-matched controls fed a regular diet. These data suggest that excess adiposity accumulated over this period of musculoskeletal system development-in and of itself-was not a (A) Subchondral bone thickness, measured via EPIC-microCT in the mice receiving the 6 week diet/LIV protocol (n ¼ 10 for all groups) and in (B) the mice receiving the 6 month diet/LIV protocol (RD, n ¼ 7, HF, n ¼ 7, HFv, n ¼ 10). No differences in subchondral bone were present at the end of 6 weeks, however, after 6 months of high fat diet, subchondral bone thickening was observed in the HF group, while LIV mitigated changes in subchondral bone thickness.
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contributory factor in cartilage thinning. Further, a long-term challenge (24 w) of excess adiposity in adult mice presented with a cartilage phenotype indistinguishable from the much lighter, age-matched controls fed a regular diet.
While cartilage thickness remained unchanged from obesity, brief, daily exposure to LIV induced a significant increase in cartilage thickness in young obese mice, which was exhibited even when diet and LIV were extended into adulthood. The elevated cartilage thickness due to LIV was more evident in the medial, rather than the lateral compartment of the knee. The medial region is presumed to have a greater weight bearing responsibility 33 ; this local response to a focal stimulus suggests a mechanically mediated mechanism of perception and response that is regional, rather than a systemic adaptation to these mechanical signals.
Sulfated GAG content was not significantly different between young RD, HF, and HFv mice in either the medial and lateral compartments, as determined by Hexabrix staining intensity, although previous studies have reported decreased sGAG content with high fat diet, 7, 8 and increased sGAG production with moderate exercise. 7 Although sGAG content did not vary between groups, RT-PCR analysis showed that aggrecan gene expression within the knee was reduced in both HF and HFv groups (short-term study), suggesting that high fat diet suppressed anabolic processes in joint tissue, and LIV was unable to mitigate this effect. However, LIV significantly reduced MMP-13 expression, compared to HF. MMP-13 is a major type II collagen-degrading collagenase, 34 and the suppression of its expression via LIV may help in preserving the mechanical integrity of the tissue, mitigating the degenerative risk.
The mechanism in which LIV increased thickness of cartilage, however, is still unclear. Considering that anabolic aggrecan gene expression was reduced in both HF and HFv groups at 13 weeks of age, and no significant change in ADAMTS5 expression, a major aggrecanase, was observed, there is some ambiguity in how articular thickness was increased. It is possible that LIV inhibited the activity of aggrecanases through other pathways not explored in this study. Also, future studies investigating the early effects of LIV on cartilage tissue (i.e. <8 weeks of treatment), may provide more insight into the processes leading to thicker cartilage.
Consistent with early symptoms of joint degeneration, long-term obese mice demonstrated a thickening of the subchondral bone. Subchondral bone thickening has been previously shown to be associated with the appearance of cartilage lesions and chondrocyte apoptosis, and suggested to exacerbate the deterioration of the bearing surface. 35 In concert with LIV's capacity to increase articular cartilage thickness, these low magnitude mechanical signals also mitigated changes in subchondral bone thickness. There was, however, no significant correlation between articular cartilage thickness and subchondral bone plate thickness (data not shown), regardless of whether all samples were pooled, or the RD, HF, and HFv groups were analyzed individually. This suggests that the changes observed in cartilage, and the mitigation of subchondral bone thickness associated with LIV, occurred via independent processes. Also, while previous literature has reported an association between subchondral bone changes and articular cartilage degeneration, we observed changes in subchondral bone without cartilage thinning or reduced sGAG content. Perhaps the high fat diet would need to be extended, beyond our 6-month protocol, to observe these degenerative changes.
LIV was introduced here as a surrogate, not a replacement for exercise. These data suggest that brief, daily exposure to mild mechanical signals have the capacity to increase articular cartilage thickness, while also mitigating the subchondral bone morphology changes exhibited in obese animals. In the context of the juvenile obesity crisis, these data suggest that excess adiposity-while not necessarily catabolic to cartilage thickness-may result in the suppression of anabolic processes in the joint, along with degenerative changes in the subchondral bone, a consequence that is alleviated by introducing some form of mechanical signal, thus protecting and preserving the joint for a longer period. At the very least, exercise, salutary to so many physiologic systems, should be introduced early as a preventative and treatment modality for obesity, 6 with both direct and indirect benefits being realized. 36, 37 It is important to highlight that recent research has reported that repeated exposure to lowintensity vibration induced marked degeneration of murine knee joints, including meniscal tears and focal damage to the cartilage surface within the medial joint compartment. 38 From previous studies in our laboratory, 27 ,39-41 we have not observed damage to connective tissues, whether bone, cartilage, tendon, IVD, muscle or ligament. Further, in clinical trials evaluating the capacity of LIV to preserve bone under conditions of disease or age, [42] [43] [44] [45] [46] [47] no adverse event was reported relative to knee, hip or back pain. It is important to note that this research group used CD-1 mice in their study; however, when repeating the study in C57BL/6 mice, the same strain used in our study, joint degeneration due to LIV was not detected. 48 Nevertheless, the susceptibility of the CD-1 mice to joint degeneration in response to LIV will be important to investigate further. Additionally, in rats, studies have indicated that low-intensity vibration accelerates cartilage degeneration after ovariectomy 21 and anterior cruciate ligament transection. 49 However, in our current investigation of LIV administration, we do not report any signs of detrimental LIV effects on the obese mouse knee. While it is important to recognize that vibration, especially at high magnitudes, is capable of causing significant damage to a number of physiologic systems, the LIV signal used here is considered safe by ISO for exposures up to 4 h each day. 50 However, the negative effects of LIV reported in the literature will be important to consider in future studies.
Our study is limited in that we do not investigate the causes of OA, but whether high fat diet can influence cartilage thickness during development. Also, while we found that LIV increased cartilage thickness, there is a lack of mechanical testing data to indicate whether these changes had a beneficial impact on the mechanical properties of the tissue. Additionally, our attempt to quantify sulfated GAG content is limited in that the measurements are indirect, based on the electrochemical interactions between the contrast agent Hexabrix and the sGAG chains within cartilage tissue. More robust assays for quantification of sulfated proteoglycans exist, such as the dimethylmethylene blue assay, however, isolating sufficient cartilage tissue for analysis is a challenge in the mouse model. Further, the integrity of the collagen II network, a key component of the cartilage extracellular matrix, was not investigated in this study. In addition, joint morphology was investigated in limited joint surfaces-OA is characterized by localized cartilage lesions, and a more in-depth characterization of both hindlimbs would ensure that all cartilage abnormalities were accounted for.
This current study provides evidence for negative consequences of high fat diet on articular cartilage development in young animals; while the diet did not induce changes in cartilage thickness, our short-term diet study indicated a reduction in anabolic processes in the knee joint. Reaching adulthood, a thickening of the underlying subchondral bone was measured, representing an early sign of joint degeneration. In contrast, administration of low-intensity vibration appears to mitigate catabolic processes within the knee, with an overall increase in cartilage thickness persisting into adulthood, achieved without a thickening of subchondral bone. Time varying mechanical signals, even if exceedingly small, can potentially contribute to establishing a more robust load-bearing system to withstand the challenges of obesity.
Future studies are needed to investigate the biological mechanism and signaling pathways that may be responsible for mechanically mediated anabolic signals to cartilage. Further, in vitro studies need to be combined with in vivo models of joint degeneration to specifically determine how low-intensity vibration affects chondrocyte proliferation, differentiation, and matrix secretion and degradation. Perhaps, beyond the systemic benefits of exercise that are widely recognized, there are direct, focal benefits of dynamic loading of cartilage. These studies ultimately may provide the bases for a non-drug approach to slow the onset of osteoarthritis, a disease that is likely to increase with obesity.
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